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ABSTRACT

The Thermal Analysis Variant of the COMOC (Computational Continuum Mechanics) com-
puter system solves problems involving transient heat conduction and convection in stationary con-
tinua spanning arbitrarily irregular two-dimensional and axisymmetric solution domains. COMOC is
based upon a finite element solution algorithm for the energy equation, and solves for the transient
nodal temperature distribution using a highly stable and automatic explicit integration procedure.
COMOC is extensively user-oriented, requires minimal input, and no a priori knowledge concerning
the stability character of the differential equation system. It can readily output computed data in
user-specified format fields, that geometrically resemble the solution domain discretization (for rapid
engineering evaluation). This report provides the user with complete information for applying
COMOC to a specific problem.
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1. SUMMARY AND GUIDELINES

The Thermal Analysis Variant of the COMOC (Computational Continuum Mechanics) computer
system can solve diverse problems involving transient heat conduction and transfer in stationary con-
tinua spanning arbitrarily irregular two-dimensional and axisymmetric spaces. COMOC embodies a
finite element algorithm for solution of the energy conservation equation, and determines the transient
nodal temperature distribution using a highly stable explicit integration algorithm. COMOC is highly
user-oriented, including both input and output phases, and solution accuracy is automatically main-
tained while minimizing computer execution time. Various manual modes of operation of COMOC
are user-specifiable through parameter overrides, to adapt the code to any specific requirements of
a given problem. A complete description of the theoretical basis for COMOC, as well as detailed
discussion concerning the various technical features of the program, are presented in Bell Report
9500-920257.*

The following general guidelines will assist the user in adapting COMOC to a specific
problem.

A. DISCRETIZATION

Up to 1000 finite elements, in two-dimensional or axisymmetric space, involving up to 700
node locations may be specified. The solution domain closure and the discretization may be ar-
bitrarily irregular. The nodes of the triangular shape finite elements must sequence in a counter-
clockwise fashion.

B. PROBLEM DESCRIPTION INPUT

Input phases occur at the node and element levels. Any specific initial temperature distri-
bution is accepted, and up to 100 nodes may have fixed temperatures (identified by inputting the
negative of the desired temperature). Internal heat generation is specifiable in every finite element.
Each element may have one side (only), connecting the first two nodes listed for that element, on
the global domain closure, where any combination of convection or fixed heat flux boundary con-
ditions-may be applied. In two-dimensional problems, convection or heat flux boundary conditions
may be applied to the element surface as well, and each element may have a unique thickness.

C. THERMOPHYSICAL PROPERTIES

The thermal conductivity may have tensor properties, and all thermophysical data are
specifiably temperature dependent via tables with up to twenty entries. In addition, the solution
domain may consist of up to six different materials, each with its own thermophysical specifi-
cations. Each finite element of the discretization must be identified with only one material
property description.

*Baker, A. J. and P. D. Manhardt, "Finite Element Solution for Energy Conservation Using a
Highly Stable Explicit Integration Algorithm," Bell Aerospace Research Report 9500-920257,
October, 1972.
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D. INTEGRATION INPUT

Only the initial and final values of the integration interval, the integration option (I or 2)
in COMOC, and the desired output print interval need be specified. COMOC will automatically
extremize integration step size while maintaining a stable solution. Other input features allow
various levels of manual control, including tighter accuracy control, marching at a fixed step size,
specifying an initial minimum step size, and output at exact time stations.

E. OUTPUT

The standard subroutine provides tabular output of temperature and time derivative of
temperature at the nodes for the specified output interval. The user may readily prepare a
special subroutine to output these variables in a format geometrically similar to the physical
shape of the problem. In either case; output is typically provided at intervals close to the re-
quested value. By setting a parameter, and at the expense of slightly longer computer run; times,
output is provided at exactly the specified intervals.

Two additional intermediate output options exist. By setting a parameter, complete
printout of all matrices computed for each finite element is obtained. Additionally, complete
printout of the matrix operations and assembly of the global solution vector, associated with
the derivative evaluation operation within the integration algorithm, may be obtained for a user-
specified number of passes through COMOC. These outputs are useful for checking that pro-
blem input has been properly prepared. All the output features are illustrated in the sample
problem discussed in this manual.

COMOC employs non-dimensional dependent and independent variables throughout; therefore,
input in any consistent units system is acceptable, and output will occur in that same system. The
Hollerith statements in COMOC assume use of English units (Btu, hr, ft, °R). A change to ISU, or
operation in a dual output mode (English and ISU), could be readily made if required.
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II. DESCRIPTION OF ROUTINES AND FLOW CHARTS

A macro flow chart illustrates the overall flow of the computer program. This is followed
by descriptions and flow charts of all the subroutines which constitute the Thermal Analysis
Variant of COMOC.
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MAIN

This is the executive routine which performs all input and nondimensionalization opera-
tions and initiates the execution of the geometry and integration routines.
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MICRO FLOW-CHARTS
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DERIV

This routine computes and assembles the derivative of temperature which is required by the
integration package to evaluate the temperature.

It is called from QKNINT and QKNUIN.
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FECOM

This routine prints the title page for each case. It is called from MAIN.
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FECOM
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GEOMHT

This routine computes the element matrices required by DERIV to evaluate the derivative
of temperature. They include the specific heat, thermal conductivity, internal heat genera-
tion and convection boundary condition matrices.

It is called from MAIN.
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GEOMHT

YES
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LOOK

This is a one-dimensional interpolation routine. It is used to determine the material prop-
erty values that are temperature dependent. These properties include specific heat, thermal
conductivity and density and the tables are set up as properties at a specified temperature.

It is called from MAIN and DERIV.
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INPUT POINT

14



MATXB

This routine assembles the condensed global specific heat matrix from element specific heat
matrices.

It is called from DERIV.
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OUTPTG

This is the routine for the optional geometry output. It is called if the user inputs KODG
equal to 1.

It is called from GEOMHT.
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OUTPTG
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OUTPUT

This standard routine outputs temperature, derivative of temperature, and other parameters
at requested intervals.

The standard routine outputs computed values in tabular form. If the user wishes, he can
readily design an output routine conforming to the geometry of the problem (as illustrated
for the sample problem). This is done using the variables NROWS, NCOLS and IOUT.

OUTPUT is called from QKNINT.
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OUTPUT
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QKNINT

This routine numerically integrates the system of ordinary differential equations written on
nodal temperatures. It employs one of two predictor-corrector, integration algorithms. Both
are three-stage, one-step, first order accurate explicit numerical integration procedures.

It is called from MAIN.
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QKNINT
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QKNUIN

This routine computes the new values of temperature. It performs an accuracy comparison,
and may increase, decrease, or keep constant the step size for the next integration step.

It is called from QKNINT.
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QKNUIN
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SYMPRO

This routine multiplies a symmetric matrix by a vector.

It is called from DERIV.
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ZERO OUT
PRODUCT

VECTOR (X)

. I

SET
COUNTERS

RETURN

SYMPRO

PERFORM MULTIPLICATION
OF

(SYMMETRIC MATRIX)
BY B (VECTOR)



III. INPUT FORMAT

The following section illustrates the proper format and sequence for all input data.
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IV. INPUT FOR SAMPLE PROBLEM

This section describes the input required to generate a ten second firing of a 104 finite
element discretization of a small axisymmetric, thrust-vector-control rocket motor as illustrated
on the following page. The technical aspects of this test are fully discussed in Bell Aerospace
Report 9500-920 257. Section V illustrates and provides a complete description of the output
from COMOC using the input detailed in this section. Section VI contains the listing of the
user-written output subroutine used for output display of this problem.

The input is illustrated on computer forms. Where numerous cards of the same format
are required (such as the element information cards), only two such cards are shown. The input
is completely printed out at the beginning of output for any run by COMOC. The user should
refer to Section III for a full description of all element and node dependent input.
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V. OUTPUT DISPLAY AND DESCRIPTION FOR SAMPLE PROBLEM

This section presents sample output from the rocket motor problem described in Section
IV. A description of each portion of the output is also included.

The first page of output is the general COMOC title page with the user supplied title
describing the problem for which the run was made and the date. This is followed by pages
containing a complete reproduction of input data. Included are titles, general information, element
information, nodal information and material properties tables. This is followed by integration con-
trol parameter information and the non-dimensionalizing constants computed in the MAIN routine.

The following pages illustrate this information for the sample problem.
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Cf.AL DATA

A)I SlVH'ElPIC PFCPLE,

II!lIAL TEFF({)R(F1. )

C. I(t7CCCCF-CI
C .49SqSC7F-01
C.E%22qSC7E-Cl
G.1Ic:tC.'E CO
C.1%'.C'c&E CO
C. ,)Et f E OC0
0.18i3??CCEF CC
0.! I e I F CO
0.21666csE CO
C,2132q'5F CC
0.25CCOOCCE 00
C.26E-t6YCcE CC
0.2R-32sq'F CO
G.2SSqS9C- E CC
C. 1'6 70CCGE-01
C.4 cS:S, 7E- ~C
C. F3?2'?'56E-0o
C. l.E66c' r UC
0.1499SG'FEE C0
C.6lettccfE CO
0.!'9332CCCE CO
0.l,,qq CCqE CO
0.1(t¢6c'FE OC
0.22212CCPE CC
C.2CCCCCCE OC
O.C266(SEccF CC
O.2832SS2tE CO
0.2 CSSC E CC
C.1667CCCCE- 01
0 4 SSc '7 F-01
OC . ?- 2C S 6 - C'.
C.116665'5E OC
C.14SSSqcCE OC
O. 16CCtS E CO0
0.18'33CCCF CC
C.19SS'CSS E CC
0C.216(L'E FE CC
C.-2??2qSCE CC
C.25CCOCCCE CO0
O.6.666qtSE OC

C.;F? 2.9$E CC
C,2 O~ScE CO
0o16h 7COCCE-01
C .4S5SSS 7E-CI

C.11;66fcSF 00

C.,1CE22cSE OC
C.IC(E2'ScSE CC
C.1CE?2'5E CC
C.1CZ]2cS'E OC
C.916t! 77E-C1
C.E2 2S76E- C1
C .74S5'SE8-Cl
C.f U'. 0l1E- 01
C.E8?2E,'SE- Cl
C.SE2gqCqSE-C1
C .6e6t4: ISE-01
C.74S''C EE-C1
C.8 22c'q97 F-Ci
0.91. 66 . i 7E-C1
C.11t6E CC
C.1166l C'cE CO
C.l (666tCC CC
C,.11! C ccE OC

C.c? g-C 
C.4ScCc6E-C-C 1

C.(665;41SE -C1
C..' C51E- C01

CS -I 7C EC-C 1

C.123c'S'.E CC
C.I???25a'i CC
C.! 329 E CO
C.13?32zSCE CO
C.1!i7-6.C;E CC
O.ICF?2C5'E CC
O .' CC 4 -01

C .SC CCc 4 --C1

C.5 cccL 4F-C 1
C.- 5SC t4E-Cl
C.ICF'2CSHE CC
C,.1lt6cecE CC
C.14YSSgcSE CO
C.14Sc'.'.E O0
C.14'cPcE CO
C.lg1S SCSE CC

C.53CCCCCE 03
C.o3CCCCCCE 03
C.53CCCCCOE 03
C.53CCCCCCE 03
C.53CCCOCCE 03
C.53CCCCCE 03
C.5S3CCCCOCE 03
C.53CCCCCCOE 03
C.53CCCCCCCE 03
C.S3CCCCCOE 03
C.53C(CCCOE 03
C.53CCCCCCE 03
C.53CCCCCCE 03
C.53CCCCCCE 03
C.53CCCCCOE 03
C.53CCCCCOE 03
C.-3CCCCCCE 03
C.53C(CCCOE 03
C.'3CCCCCCE 03
C.53CCCCOE O?
C.53CCCCCCE O?3
C.53CCCOCCE 03
C.53CCCCOOF 03
C..53CCCCCCE 03
C.!3CCCCCCE 03
C.53CECCCCE 03
C.53CCCCGOE 03
C.-S3CCCCCOF 03
C.53CCCCCCE 0O
C.S3CCCCCOE 03
C.53CCCCCCF 03
C.-3CCCCCCE 03
C.53CCCCCCE 03
C.53CCCCCCE 03
C.53CCCCCCE 03
C. 5 3CCCCCCE 03
C.53CCCCCOE 03
C.53CCCCCCE 03
C.53CCCOCCE 03
C.53C(CCCCE 03
C.53CCCCCCE 03
C.53CCCCCCE 03
C.53CCCCC CE 03
C.53CCCCCCE 03
0.S3CCCCCCE 03
C.53CCCCOOE 03
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C.14qScS FEt CC
C.!6E6~SCE s 00
C.1I?-332CCE CC
C.19 %qCcS E CC

0.23212cCEF OC
C.2FCCCCCCE CC

* O.2iUtU.SSE o0
0.2- 2;CC~E 00
0.29 'SF C'E CC
C. I17CCCCE-Cl
0.499S''7EE- Ci
0.833'2 c? tF-1
O.11f9CS 9E GO
C.L4SSqc.EE 0o
0.1Et CC(& 6E CO
0.!8?'?CCCE CC
0.19 'Sgq E CO
C.2l1666'eE 00
G.2'?329S'E CC
C.'25CCGCCCE CO
0C.E26 6CF CC
0.2P3'2Cc6E C0
0.2 g9S"5C E CC

,C.l?2?32ccE
C.125(CCCCE
0. !666'AS9

C.l 1666 C F
C .1 1662.C rE
C.ll~-2c''EC.116~6sC~E
C .1 25CCCCCE
C.1212CSSSE
GC. 1 3 29 5 CE

C . I F . 2 29S .f FC.15E32SqfE
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C.1 ?32329E
C.125CCCCCCE
C.125CCCCCE
C.12SCCCCCE
C.125CCCCCE
C.125(CCCCE
C · 12% C'C CC CE
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0 . l t CC F
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CO
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OC
00
CO
CC
OC
C0
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C.53CCOOOCCE 03
C.53CCCCCCE 03
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C.S3CCCOCCE 03
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NCN-CIVENSTCNAL lIG CCIS'AISc

TFERPAL CCNhLCTILITY = 28.CCO
LENCT:I = 0.100
REFEPENCE TEVFERMTURE= 646C.C00
CFNSI T = TY50E.300
T I' F FAC:TCR = C .C2g
SPECIFIC FEAI = C.160

SPECIFIC FAr ATRIX NC -C CC{S T N =
T-ERMAL CCNCLCTIVITY MATRIX hNC-C CC(STANT =

0.012
0.036

INTEGRAlICN INPLT

FINAL TIME(IF)
IEST CPITERICh((EF)
IN ITI AL TI F ( TC )
Nt\,BFR CF INIF.:RTI ICh N
K EY-MFTFr, .(KFY TC )
IrINTlIU STEP S17EIHHIl)
MAXIMUM SIEP I ZE (HAt )
PRINT INTFRVAI.( IEtP)

C ='CGE '=

0.C00280
C.01000
C.O

70
~= 1
: G.0

=lCCG.C0000
C.C002e
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If the user desires, he may request element output from the geometry routine (GEOMHT),
by inputting KODG equal to one. By doing this, the user will obtain NELEM pages of geometry
output, each of which contains the specific heat, thermal conductivity, internal heat generation
and boundary condition matrices for a finite element. The- symmetric matrices are printed in a
lower-triangular rowwise format.

The following sample is output for finite element number one of the rocket motor
discretization.
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The user may request an arbitrary number of outputs from the derivative routine (DERIV)
by inputting LIMPT equal to the number of outputs desired (one is usually sufficient). The deriva-
tive output details the assembly of the derivative of temperature as the program goes through the
element loop in DERIV, and is particularly useful to ascertain that the input has been properly
prepared.

The DERIV output displays element node numbers and their associated temperatures, the
thermally-averaged conductivity and specific heat, and the nondimensional element matrices and
vectors for each element. As in GEOMHT, the symmetric element matrices are printed lower-
triangular rowwise. Also included in this output is the step-by-step assembly of the derivative
vector. At the completion of the element loop, the global derivative of temperature vector is
printed out as "- (K)(T) + (Y) GLOBAL VECTOR."

Following is a sample of the derivative output for the sample problem.

49



0
0
0
U

I 
I0
0
0
0
0
0
0
0

le
 C

D
 

IU
 

W
I

I 
I

u
 

0 
0
0
0

rs
 

-
I 

-N

* 
9

.. 
_ 

N
 

0
0
0
0
0
0
0
0
0
0
0

-4
~

4
N

J
 

'
0

0
0

0
D

0
'0

'V
0
l

-'IN
 ~~

O
m

N
N

 
4

t-0LUA

O'4'0

0 
0 

0 
0 

0 
0

0 
0 

0
0
0
0

I 
I 

II
LU 

WL 
W

W
W

L
U

u 
O

 
w
J
 N

 
O

U
'4' 

'4' 
'0

n
L

A
-4

U
 

N
 

U
N

o
 

V
n 

V
' 

O
4
 

4 
_

U
 

O
 

0
O

O
U

O
O

C
U

0
 

O
O

U

U
 

U
o
 

LU 
LU 

LU 
LU 

LU 
LU 

LU 
LU

W
 

LU
LU

v 
N

V 
u 

Uw 
w

 
w

 
w

 
r 

U
 I T 

w

U
- 

V
' ' _ 

4 
r 

v
4
 

U
' 

U' 
u
' 

e 
v 'r

v'(' 
4 

r 
_ 

w
 

N
 

-
N

 
a 

ro 
u

 
O

'-4 
O

 
(P

 
s 

0 
V

 
NJ 

('1 
N

 
'.3' 

_- 
' 

W
 

o 
0 

U
 ' 

U
'

O
 

9 
0. 

N
 

O
 

0 
U

 
o 

O
 

O
 

_ 
0 

0 
O

 
0 

U
 

0
0
0
0
 

0
O

O
 

O
 

U
* 90 

[v
 

I 
I 

t 
I

r0
 

C
- 

W

U
' ><

 
X

 
<

 
' 

I
N

 
1 u 

-'N
 

9
-_

-O
 

O
 

_ 
O

- 
'.0

 
4
0
0
0
N

V
) 

-L
 

i 
O

 
0 
O

 
O

 
O

 
J 

uO
LU 

>
 

9
-I 

U
 

I 
I 

I 
-

0 
cx. 

_
0
 J 

k 
-W

 
LU 

_
u
 

C
 

w
U

 
LU 

I 
w

 
w

 
L

 
U

 
W

W
W

 
W

JW

LU
 

9- 
U

04. 
N

 
U

N
 

N
 

W
 

1
-V

 
I- 

V
 

N
 

U
4 

.I 
V

rr.4 
U

U
cc 

vL 
4 
a 

0 
C

_ 
0 -

cr 
0 

u 
C

 
0
0
 

o
o
 

_ 
-t-o

o
.

L 
u. 

4.4 v 
0 

0 
0 

o
U

 
NJ 

w
U

C
Y

 
L 

0 
0 

I 
C

 
v 

o
N

 
)-N

 
C

 
F' 

N
D

 
L

: 
iU

 
Z

 U
 

W
O

' 
0 

, 
C

 
I 

>
 

-1 
>

 
.

N
 

i 
M

 
>

0
 

_ 
N

 
_ 

M
'-

w
 

4 
u4. 
n 

0v 
u
4
 

x 4 
v 

x 
u 

r. 
.

( u
r 9rL

u
I

LU 
4 

, 
v 

0 
0 

0 
rO

 
u 

o 
w

W
o 

m
o 

+
U

 
*0

 
O

 
r 

9
-0

 
o0 o 

o0o0o0 
o
o
o

a 
LU 

_ 
-

4. 
L i 

w
 

.
I ' 

&
 

L
 

-
_
I 

I 
.)

wu 
9. 

c 
I=

 
v 

>0 
U. 

>
 

=
 

U
 

LU 
L 

L 
LU 

_ 
-

N
 

N
 

N
 

N
 

Y
 

Y
 

y
LW

 
-

-0
 

>
 

0 
_ 

N
 

N
 

N
 

N
 

C
 -

--
Lw 

Z
 

s 
U

 
>

 
y 

>
. 

: 
-

I 
I 

50

O
 

O
4

W
 

I

0

9 
O

o 
r

o 
U

C

1 
C

O

N
 

0
O

 
0

IW
 

LU

'0 
.4

LU 
0'

N
 

(9

* 
9

0 
0

N
 

.

I

O
 

0

L 
0

-4
 

10
* 

9

0 
0

00

0000

0

N
 

O
0 

O
Io 

U
J

9 
9

0 
o

00ijV
.

V
'

U
'

N

0 
N

O
 

O

N
 

0O0('



1
.3

0
0

0
0
4
0
 

.- 
.

0
0
0
0
0
0
0
0
0
0
0

w
 

D
w

w
 

0 
Ir 

w
 

w
 

w
 V

I 
J

O
 O

 
.4

t 
0 

0 
a 

.
N

U
 

10
tP

 
P

. 
V

' 
4
0
0
 

_.' 
_14 

0
' 

48 
N

 
0

0 
'4 

tJ
 LU 

U
I 

LU 
-

U
) 

P
. 

IA
 

N
O

' 
-4 N

 
0 

.
_ 

' 
'- 

P't 

V
I4-4.' 
4
0
4
 V

- 
U4 

%F 
P

II 
~ 

~~I 
to

 
I 

IT
 W

I 
.'4

0
 

w
 

.4
 

' V
I fU 

r

NO 0 
_
l 

m
 

O
T

 
v 

_ 
I wt 

M
1

'0
 

N
 

'-4
-_

 
N

 
IA 

0
0
0
 

' 0
N

 
N

 
"4

 In
 

P
1 

_ 
t- 

-4
4
 

P
1

* 
* 

4
t 

*
*
*
 

0
0
0
 

0
0
0
0
0
 

0
0
0

_
4

_
' 

0
0
0
0
 

O
 

O
_

0
0
0
0
0
0
0
0
0
0
0

0
I N

 
0 

U
 

U
- 

0 
V

U
 I' L0 

-
0
U

- _ 
W

 N
 

N
 

.
P

) 
N

 
UA 

14 In
NJ 

'I 
IA

 
P

o
 0 

vU
 

It 
C

Y
 

1P 
P

' 
I.

0
-( 

.'U
 

) 
0 

t-. 
t' P 

N
 

(:'

OD 
IA

 
6
4
 

0'. 
LU 

'. 
4 OD 

A
 

'0
' 

0
'f

'0
 W

I 
U

 
Ia

 
0 

0 
0

4
P

1
 N

 
I 

'0
0

' 
0 

-4
 

0 
uA

 
V

 
W

 
0 

t 
) 

' 0
-

N
 

N
- _

4
 

a 
In

4
 

0 
_ 

_ 
' 

0%
* 

*
..*

 
*
*
*
*
 

.
9 

w
w

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

t 
g
i 

g 
tIg

I
W

U 
1
1
 

W
U 

U
l 

U
l 

LUJ 
W

 
lU

 
U

J 
LU

 
LUJ 

LUJ

0J 
0 

0 
LD

 
4' 

N
 

L
'0

 
4 

't 
L- 

L
O

 
4 

L
 0 

0 
N

 
P

. 
0
.0

 
t' 

I 

t-, 
v 

0 
0 

-
0
~

I 'V 
N

 
0 

LU 
P

.

LUw 
u
-N

 
'0

 
'- 

.4
 

LU 
I)'.-4

 w 
N

 
V

)I4 t- 
Nl 

0 
-t 

w
 

4- 0
t 

Q
 

-
-t

0 
U

 
I 

0
0

' 
0 

_ 
M

 
04 

N
 

G
 

t- 
-

A
 U

 
.4

 
LU 

U
 0 

t 
N

 
uA 

0 
I'V

 
'0

 
1-

' 
-4

N
 

W
I IA

 
_
- 

N
 

_ 
P

 
N

* 
S

 
* 

*
4
.*

4
4
*
 

S
 

*

/1
0
0
0
0
0
0
0
0
0
0
0

LU0 U
l z '~

 
.~

 
-'. 

-0
0
0
 

'4
.4

 
.

P-0 
0
0
0
0
 

0
0
0
 

U
 

0
0
0

t-O
 

O
 

VOOI O- 
O- 

O
 

u OO

t 
t 

t 
t 

I 
IT

I 
t

t-U
J
 

WU 
WU 

W
 

W
 

lU
 

U
 

UJ 
LU 

LU 
U

J 
W

T
 

V
 

I 
("I 

0' 
0 

0 
U

' 
't4

 
P

 .
N

' 
CF 

0l 
N

 
N

 
.

U
1 ,' 

O
LU

 t0 m
0 0 

IA
 P

1
4
 

" 
_ 

'U
 

0 
_ 

L
u
 N

 
IA

 
U

lU
 

J 
P1 

.0
 

V
' 

'0
 r4

 
O

 
(4 

0 
A

 U
)

L
V

I... 
U

' 
' 

0 
U

' 
U

' 
I 

.4 
'0 

4 
4P

M
lU

 
U

' 
L
e
 U

' 
'V) 

V,- U
' 

N
 

OD 
U' 

N
w

 
'o

0
 LU 

P1 
LU

 
4' 

.-4 
(4 

oU
 

O
N

'0
O

 .U
 M

4
 

' 
n
- P 

N
 

-t N
-4

 c '0
 

N

t 
o 

.
w

 
o 

* 
* 

te
 

( 
, 

* 
*

U
O

O
O

V
O

{;>
~V

 
-

pio~
uP

.

V4
1
 

I 
I 

I 
I 

I 
t 

I
O

W
 w
U

 w 
L 

LU 
LU 
w

 
W

 w
U

 w
 

W
 

LU
X

Nv .t' 
C0 

r' 
'r 

'U
 

1
) 

N
 

Q
 

U
 

0'
_
U

 
_
U

 
U

' 
w

 
s
r~

 
U

' 
LU

 
U

' 
U

 
'1 .

4
0
 O
' u

7
 

'r 
'U

 
4u 

N
 

U
~

 N
 

U
' 

IA
 

0

4
. 

Ir 
'I 

rn 
LU 

:D
 

4
' 

P1 
'0

 
_. 

w
 

N
LU 

N
 

P
; 

LA
 

IA
 

r4
 

N
 

u 
F

 N
 

W
U 

1
- 

('.

'0
 N

 
_- 

L
U

 
LU

 
'.4 

_ 
N

 
_. 

P
1 

r" 
P

-o
 

O
v
. 

o 
o 

.
4 

o 
O

 
o
o
O

r0
0
 

U
0
0
0
0
0
 

00

IXO
 

I 
I 

I 
t 

J. 
Ii. 

L
U

 
LU

 
LU

 
LU

 
w

Q
 

L
U

L
U

 
w

U
 
Q

U
 ww

tU
l 

Lun N
 

N
' 

'0
.- 

0 
_
' 

0 
P

1
.0

*0

1
'.- 

zL 
r' 

P
 1 

IA
 

C" 
I'. 

'7
 

L 
N

 
0
' 

-4
4 

_4 
U

' U
' 

U
' 

'u
 

45' 
P

 
N

 
Lu N

 
.0 

('4
eLU 

Pn1~ P
. 

IA
 

_'. 
"
- 

N
'1

 
'0

.0
' 

'7sr

L
N

 
4

' 
) A

 
O

.7 
IV

 
P

. 
4 

0 
N

 
U

I 
IS

U
I'4

 
rN

 
N

 
_
1
 

-
"4

 
_ 

t4
4
 

_ 
-.

~ * 
5
4
4
* 

*
4
4
*
e
 

* 
S

 
U

- 
0 

0 
0
0
0
0
0
0
0
0
0
0
 

o 
4-L

u
c.U

'

0
0
0
0
0
 

I0
0

0
0

0
U

I 
LU L

U
 

LUUI U
IU

 
U

J
 U.U LU

U
 W

 L
U

0r- 
OD 

A
 

,0 
QP' 

0 
1P1 

N
 

W
'

N
 

V
I 

"'I(4
 

.-
4 

0 
0.4' a

'- 
,4.

*0 
d) 

fn
 N

 
t 

' 
N

 
P

. 
W0 

0 
N

I.7
4
 

OD.J 
.

'. 
U

 
-

U
I 

U
. 'r 

O
N

O
 

um 
It 

U
 

'0
 

'0
 

10 
0 

N
 

_ 
O

 
r N

8
0
0
)1

 
0 

0
0
0
O

 
O
0

N
0

'C
D

1
 

N
 

W
I a 

_
t 

N
 

It 
LU

0
0
0
0
0
0
0
0
0
0
0
 

00

0
0
0
0
0
0
0
0
0
0
0
0

IA
o N 

N
 

ta
 N

 
'a

0
 D

 N
 

0 
P1 

IA

LU 
en 

L
I
.I

 
LU 

I 
U. 

-3 IP
 

NO 
L

O

_
0
 

V
, 

r"- 
m

 
V

, 
o
J
I

0t 
P1 

'0
 

m
l 

'N
 

r'- 
P

I 
10 

P
 

'o

N
 

N
 

N
 N

 
N

 
r4

 
-

_ 
.4

"
 

N
 

N
 

N

wL w
 

U. 
UL 

L L
U

 
LU

 
L 

LUJ 
LU

 
Lw

 
W

L

I 
PN 

L 
e
l 

It 
n 

,N
 

r. 
V

, 
tU

' 
o 

U
' 

'0 
LU 

'U
 LU ,u

N
 f 

L 
LrU

s
0
4
 N

A
 

-4 
LU

r 
N

 
u 

P
 .

N
 

U
' 

m
 

st

u4 
N

 
0T 

4 
' 

N
 

c-0 
P

- N
 

U
n

_ 
0 

4 t-l 
4
'1

 
¢ 

1 
U

 
.st 

N
 

¢.

0
0
0
0
 

0
0
0
U

0
0
0
0

N
 

N
 

N
 

N
 

N
 

_ 
-4

-4
- 

N
 

N
 

N

0
0
 

0
0
0
 

0
0
0
0
 

00

W
U

 
LU 

L
W

 
W

U
 

U
 

W
 

LU 
Lw

L 
W

 
W

W
U

 
U

 
U

N
 

co
 

-
4 _

. 
_ 

u
' 

n 
oN 

I' 
N

 
It 

0

V
. 

v- 
oUN 

rr 
" 

P
 
.u

 
1 

U
' 

N
 

N
 cu

ur 
I 

f 
0 0 

o 
0 

IT
 

a
, 

r- 
O

-- 
0
0
0
0
0
0
 

U
 

s
r 

_ 
V000

J 
s 

o4** 
V

 
4
5
g
J
o

4
4
N

0
0
0
0
0
n
0
0

0
 

0

wI 
N

w
 

N
iN

u. 

LU
 

1
u
 

o
s
£
fr 

X
 N

 O
 

N
 

r 
o
N

 
b
Z

 
rV

 
t; u

n
 N

 
r 

u
_
 

w
0
 

oF
sr 

rw
V

 
r 

r 
w

 
r 

su~ 
fi f 

fi... 
.

f 
@

 
* 

v
~

o
o

 
o
o
 

o 
O

O
 

o
o
 

¢ 
0 

0 
0
0
 

0 
0

W
 

N
 

N
~

~
~

N

>
 

0 
6 

0
0
 

0 
0

U
I
W

U
-L

U
I
L

W
U

L
I

I-v

rswL
J

-I x-j

-iw

51



The integration output is printed out at time intervals of length DELP if KPRINT = 1,
and of slightly longer intervals if KPRINT = 0. Heading each output is the COMOC and user
identifying titles for the problem, and the current time and integration step-size.

The dimensional temperature and non-dimensional derivative of temperature are output
in either tabular output form, or according to the user supplied output routine which may
simulate the geometry of the problem. If the user does not specify a minimum step-size, the
program will automatically compute it. Output from QKNINT 'will then occur when the minimum
step-size has been determined.

Following is the initial and final output of the sample problem of a ten-second firing of
a small axisymmetric rocket motor.
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VI. USER-WRITTEN OUTPUT SUBROUTINE FOR SAMPLE PROBLEM

Contained in this section is a FORTRAN listing of the user generated subroutine which
. presents output in a format geometrically similar to the sample problem, as was illustrated in

Section V. To operate this output feature for any problem, the user sets NOUTP to any non-zero
integer and provides COMOC with a routine titled SUBROUTINE OUTPUT. The variables
NCOLS and NROWS are then used to set up a specific output format.
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